Infections affecting infants in the hospital nursery are generally divided into those with a prenatal onset and early-and late-onset postnatal infections. Little attempt has been made to differentiate infections affecting infants more than a week of age from those with an onset at several months of age. Three cases are presented which demonstrate how, currently, infants far older than one month of age are being treated for nosocomial, nursery-associated infections. This information has implications both for treatment decisions and for the gathering of epidemiologic data on nosocomial infections.
INTRODUCTION
Infections in the neonate are classically divided by time and mode of onset into three categories: prenatal, early-onset postnatal, and late-onset postnatal [ 1, 2] . This distinction is a useful division as these terms correspond with the three major modes of acquisition: gestational, maternally acquired during the birth process, and hospitalacquired. The actual postnatal age of onset that divides early-and late-onset infections is not universally defined and varies from more than two to more than about five days of age. Late-onset neonatal infections are generally defined as occurring up to one month of age [3] . They are classified as nosocomially acquired unless the infant has been discharged from the hospital and readmitted [2] . The survival of very low birthweight infants and the existence in hospital nurseries of infants with severe chronic illnesses has produced a sizable new group of infants whose age is considerably more than one month. Since these infants are debilitated and have other risk factors, changes of medical condition may frequently be due to infection or infection may be the suspected cause. Table 1 summarizes the generally recognized predisposing factors for infection of infants in these age groups. In the evaluation of "older" infants (considerably more than 30 days) in neonatal units, infectious disease specialists, newborn specialists, and general pediatricians need to analyze the situation and plan treatment using criteria that may not be appropriate for younger infants who have "late"-onset infections. While conducting rounds on infants in the Newborn Special Care Unit (NSCU) at Yale-New Haven Hospital (Y-NHH), the author saw the three illustrative cases that follow. These infants' cases were reviewed in late 1986 when they were the oldest patients in the nursery, at four months, five months, and nine months of age. These cases illustrate the three major underlying conditions that cause infants to have a long stay in the NSCU and predispose to nosocomial infection in this age group; extreme prematurity with bronchopulmonary dysplasia (Case 2), complications of surgery (Cases 1 and 3), and congenital malformations (Cases 1 and 3). This case was a male infant with a birthweight of 3,430 grams who was born by elective Cesarean section to a mother who was gravida 2 abortion 1 and was healthy except for a genital culture that grew herpes simplex virus shortly prior to delivery. The newborn infant was noted to have the stigmata of the VATER association (acronym for a nonrandom group of malformations that may include: vertebral anomalies, anal atresia, radial upper limb hypoplasia, and renal defects), manifested in this case by vertebral anomalies, tracheo-esophageal fistula with esophageal atresia, imperforate anus, and a ventricular septal defect. This case is an example of the infant who requires a very extended stay in the NSCU due to multiple congenital anomalies and is subject to nosocomial infection with the unit's resident flora, which may have colonized his skin and mucosal surfaces.
On the day of delivery, the infant was transferred to Y-NHH where a gastrostomy and transverse colostomy were performed. On the third day of life the infant underwent surgery for ligation of the tracheo-esophageal fistula. A chest tube and a Broviac catheter were inserted, and a course of ampicillin and gentamicin was begun which lasted for seven days. At three months of age, the distal end of the esophagus was anastomosed to the proximal end, and the same antibiotics were given for five days.
By four and one-half months of age, the infant had developed severe gastroesophageal reflux, and a fundoplication of the stomach was performed. Ampicillin and gentamicin were given for a planned duration of seven days; however, four days after this operation the Infectious Diseases Service was consulted because an abdominal wound infection had developed, and sepsis was suspected. At the time of consultation the infant weighed 6,100 grams and did not appear septic. The infant was treated with cefoxitin, and the wound was incised, drained, and packed. A culture yielded non-hemolytic streptococci and mixed aerobic gram-negative rods. The infant recovered from this infection and was eventually discharged from the neonatal unit to home at eight months of age. Case 2 This case was a female infant with a birthweight of 680 grams, the product of a 25-week twin pregnancy, and was born precipitously at home. The twin did not survive, dying of extreme prematurity. The mother was a 14-year-old primagravida. The infant received ampicillin and gentamicin for the first 14 days of life. Bronchopulmonary dysplasia developed, and the infant required oxygen at concentrations above room air and gavage feedings until nine months of age, when the case was reviewed for this report. This combination of extreme prematurity followed by chronic pulmonary disease is a major cause of extremely long NSCU admissions, and susceptibility to infection is due to the use of life-support equipment and poor pulmonary host defenses from lung injury.
Although this infant never had a documented infection, episodes of hypoglycemia, abdominal distention, infiltrates on chest X-rays, changing ventilatory requirements, and unexplained tachycardia and leukocytosis were treated as possible indications of sepsis. The infant received between two and ten days of ampicillin and gentamicin on seven occasions between the first and the ninth months of age. The most recent episode occurred at seven months of age, when the infant's weight had dropped from 2,050 to 2,020 grams, and she had developed increased respiratory distress and a new infiltrate on chest X-ray. No pathogen was recovered from routine cultures for bacteria and viruses, but cultures from the lower respiratory tract were impossible to obtain. At the end of eight days of treatment with ampicillin and gentamicin, the clinical status was back to the previous baseline. At nine months of age the infant was still in the neonatal unit, weighed 2,480 grams and was receiving 42 percent inhaled oxygen through a nasal cannula. Case 3 This case was a male infant with a birthweight of 1,814 grams; the product of a 34-week gestation, born after spontaneous premature labor. The baby was noted at birth to have a mass, protruding through the posterior fontanel, which was an encephalocele. Mild respiratory distress was noted, and the infant was sent to the NSCU. This case illustrates a long NSCU stay due to multiple surgical procedures for a congenital malformation and a major NSCU complication, necrotizing enterocolitis.
On the third day of life, the infant's abdomen was noted to be distended and a test for blood in the stool was positive. An X-ray of the abdomen revealed pneumatosis intestinalis and extra-intestinal air. These findings pointed to the diagnosis of necrotizing enterocolitis with perforation of the bowel, and a laparotomy was performed. Multiple areas of bowel infarction were noted as well as a perforation of the mid-transverse colon. Sections of both the large and small bowel were resected and a colostomy was performed. The infant had a Broviac catheter inserted in order to give intravenous alimentation, and ampicillin and gentamicin were given for ten days.
Subsequently, the infant had surgery at two weeks of age for intestinal obstruction due to adhesions, at five weeks of age for resection of the encephalocele, and at two months of age for colostomy closure and ilio-sigmoid anastomosis. Ampicillin and gentamicin were given just before and for five days after the latter procedure.
At four months of age, the infant was unable to tolerate sufficient enteral nourishment and was still receiving intravenous alimentation through the Broviac catheter. Though previously stable, the infant suddenly developed a temperature of 39.20C, a cough with thick respiratory secretions, and grunting respirations. A chest X-ray demonstrated a left upper lobe consolidation and bilateral perihilar infiltrates. Antibiotic treatment was begun, using nafcillin, clindamycin, and gentamicin. A blood culture taken at that time grew an organism identified as Klebsiella species the next day, and the isolate was susceptible to gentamicin. The same species was eventually recovered from a culture of the Broviac catheter tip. A barium enema showed no obstruction.,The infant's condition never stabilized, and he developed pancytopenia, arrhythmias, and then seizures, finally dying on the fourth day of this episode.
Permission for an autopsy was not obtained. DISCUSSION While each of the infants in this report would be considered to be too old to have late-onset neonatal sepsis, their location and history of previous illness make their infections nursery-associated. The cases which comprise this report demonstrate that changes in the neonatal population and the manner in which care is delivered have produced a situation in which infected infants are epidemiologically linked to the nursery, but, by age, they are more similar to infants with chronic illnesses being treated on regular-care pediatric units than to neonates. Indeed, a guide to therapy of late-onset infections in a nursery may not reflect the required difference in approach to the older infant compared with the infant a few weeks of age.
Some of the care given to these three infants reflects an approach suitable for neonates but perhaps not ideal for the particular case, because of age and prior antibiotic exposure. These cases were chosen to be illustrative of the changing epidemiology of the intensive care nursery and not of any clearly inappropriate care. Indeed, none of the three would probably have responded better to any other antibiotic regimen. An appropriate differential diagnosis must, however, take into consideration the organisms likely to be responsible for infections at the age of the particular infant and such elements of the past history as previous antibiotics, immunizations, and information about organisms recently isolated from other infected infants in the unit. If protocols exist for the empiric treatment of neonatal sepsis, it should be clear that they may not be appropriate for infants more than one month of age. For example, a wound infection in an infant one week of age is most likely due to Staphylococcus or bacterial flora acquired from the mother, but a long-term resident of an acute-care facility may be colonized with resistant gram-negative flora, and empiric therapy probably should include antibiotics active against resistant nosocomially acquired bacteria as well as staphylococci. Similarly, spontaneous bacteremia may be caused by "neonatal" pathogens such as Escherichia coli and group B Streptococcus but, in an infant more than three months of age, may be caused by Hemophilus influenzae, a pathogen of the "older" infant. Empiric antibiotic therapy commenced prior to the isolation of a pathogen should cover both the organisms seen in younger, nursery-aged infants as well as in infants of the same age. Newer aminoglycosides active against gentamicin-resistant gram-negative rods, the third-generation cephalosporins, or the ureidopenicillins may be appropriate for these older infants even though these antibiotics may not be recommended for routine empiric treatment of infected infants in the first few weeks of life. Knowledge of the antibiotic susceptibility of previous isolates from the unit is essential in making such decisions. In sum, treatment schedules, while perhaps appropriate for infants in the first month of life, must be individualized to a greater extent when dealing with the "older" nursery resident.
While the three cases presented here were associated with medical advances that allowed for a long NSCU admission of infants who may not have survived in the past, data from Y-NHH demonstrate that there has not been a change in the rate of such long admissions over the past seven to eight years. The age at discharge was determined for 484 infants admitted to the NSCU who were born in December through January 1979-80, 1983-84, and 1986-87. These records, which were obtained from the unit director, listed all NSCU admissions for the six months reviewed. The percentage of infants who were more than 30 days of age at the time of discharge was 17, 20, and 16 percent, respectively, for the three time periods and was 18 percent overall. Only 1.44 percent of the infants in the three time periods were more than 90 days of age at the time of discharge, and this percentage was relatively constant from 1979-80 to 1986-87. The frequency distribution of infants discharged at 0-7 days and 7-30 days was also similar in the three time periods. Survival of infants 600-1,000 grams increased in the late 1970s, so it is not surprising that such a large proportion of discharged infants were over 30 days of age in the earlier time period.
If neonatal units continue to be used for the long-term care of chronically debilitated infants, the current categorization of nursery infections into early-and late-onset is insufficient. Studies of nosocomial infections in the nursery differ as to the population base, some tabulating data by hospital unit regardless of age [5] [6] [7] and others using an age cut-off at 30 days [4] . It is suggested that we include an additional category to recognize the special problems and epidemiology of the older residents. In doing so we may be able to discover whether affected patients have unique susceptibilities or requirements. They should not be lumped inappropriately with cases of infections occurring in older infants on pediatric wards or with cases of late (up to 30 days)-onset neonatal infections.
